Ion exchange resins (IERs) are widely used by the nuclear industry to decontaminate radioactive effluents. After use, they are usually stabilized and solidified by encapsulation in cementitious materials. However, for certain combinations of cement and resins, the solidified waste forms can exhibit strong expansion, possibly leading to cracking of the matrix.
Introduction

1
Ion exchange resins (IERs) are commonly used by the nuclear industry in the decontamination 2 process of radioactive effluents. The spent resins become a low-level or intermediate-level radioactive 3 waste and have to be stabilized and solidified, i.e. placed under a solid, stable, monolithic and 4 confining form, before being sent to disposal. Calcium silicate cements offer many advantages for 5 resins encapsulation: easy supply, simple process, good mechanical strength, compatibility with 6 aqueous wastes, good self-shielding, and high alkalinity which allows many radionuclides to be 7 precipitated and thus confined. However, for certain combinations of cement and resins, the solidified 8 waste forms can exhibit strong dimensional variation, possibly leading to cracking of the matrix. 9 Several specificities of IERs have to be taken into account to design a robust cement-based matrix, 10 such as low intrinsic mechanical strength and possible ionic exchanges with the pore solution [1, 2] . It 11 is also well known that in aqueous medium, the volume of IERs beads strongly depends on the 12 composition of the solution. Expansion or shrinkage can be caused by ionic exchanges and/or 13 variations in osmotic pressure. These volume changes can also occur in a cementitious matrix, the 14 pore solution chemistry of which evolves with ongoing hydration and, under severe conditions, they 15 can induce cracking of the matrix [3] [4] [5] . Knowledge about the chemical evolution of IERs in a 16 cementitious environment is limited. For example, it is often mentioned in the literature that the 17 encapsulation of IERs with Portland cement (CEM I) leads to strong expansion during the early stages 18 of cement hydration, whereas no swelling is observed when Portland cement is blended with high 19 amounts of blast furnace slag [6, 7] . However, the reasons for these different behaviours are not 20 understood. 21 To simplify the system under investigation, Portland cement was replaced in a previous study by its 22 main component, tricalcium silicate [8] . The C 3 S-waste form also exhibited a strong expansion and 23 two main stages were observed during hydration at early age. In the first one, due to ionic exchange 24 (fixation of calcium, release of sodium), the resins shrank. Then, in a second stage, as hydration 25 accelerated, the sodium concentration in the pore solution rapidly decreased due to the precipitation of 26 sodium-bearing C-S-H, whereas the resins continued to fix calcium ions. Swelling of the resins 27 occurred during the second stage, and resulted from the decrease in the osmotic pressure of the pore the ratio between the area of the most intense diffraction peak of the phase to quantify and that of and IER grains were determined by X-ray microanalysis on polished cross sections (high vacuum 99 mode, Bruker SDD detector calibrated on jadeite, FeS 2 and wollastonite).
100
The pore solutions of cement pastes were extracted using pressure (34 MPa) from 1 hour to 10 days.
101
The Na + , K + , Ca 2+ , and SO 4 2-concentrations were determined using ionic chromatography (Dionex 102 DX500 equipped with IonPac CS12A analytical column and IonPac CG12A guard column). The 103 analytical error was ± 5%. ).
153
The osmotic coefficient is a corrective factor taking into account the non- 
